An application of the Markov process for quantitative prediction of labor progress by Nagamatsu, Akira et al.
Nagamatsu et al, Prediction of labor progress 333
J. Perinat. Med.
16 (1988) 333
An application of the Markov process for quantitative prediction of
labor progress
Akira Nagamatsu, Takashi Koyanagi, Kenzo Hirose, Hiromasa Nakahara, and Hitoo
Nakano
Department of Gynecology and Obstetrics, Faculty of Medicine, Kyushu Univer-
sity, Fukuoka, Japan
1 Introduction
In the mid-1950's, FRIEDMAN [3] proposed a par-
togram made up of a series of values of cervical
dilatation over a given period of time; thereby the
progress of labor could be assessed to be normal
or dysfunctional.
Subsequently, in 1970, HENDRICKS [4] developed a
quantitative method which described the percen-
tile values of cervical dilatation with advance in
labor, after the woman in labor was admitted to
the hospital. Th£se approaches are extremely use-
ful for evaluating the progress of labor retrospec-
tively but not for predicting the course of labor.
When attempting to predict the course of labor,
information about cervical dilatation in the indi-
vidual must be quantitatively described in a se-
quential time arrangement.
Assuming that labor is a state- and time-related
phenomenon during a period ranging from the
onset of labor pain to the expelling of the baby:
the initial and terminal points, respectively, the
labor process can be considered as a mathematical
model suitable for the application of the Markov
process [6,10].
Thus, from this point of view, we made a study
of the progress of labor, with regard to whether
or not the course of labor could be predicted.
2 Material and methods
Included in this study were 625 primiparas who
went into spontaneous labor between 37 and 41
weeks of gestation with a single fetus of cephalic
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presentation. The entire course of labor in these
cases was recorded in detail on FRIEDMAN'S par-
togram from before 4 cm cervical dilatation until
delivery. When applying the Markov process, the
sequence of labor progress was divided into eight
categories: every 1 cm of cervical dilatation from
4 cm to 10 cm and delivery of the baby per 30
minute time unit. Using data obtained from all
the cases, after converting information on the par-
togram per individual into such a form as appli-
cable to the Markov process designed above, the
transition matrix with 8 by 8 state-categories both
in columns and rows was calculated, in which the
value in each element was indicative of the percent
of probability of progression in labor from one
given state to another over a 30-minute period.
These data were analyzed by micro-computer sys-
tem (NEC 9801vm2), using BASIC computer lan-
guage.
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3 Results
Table I shows the initial transition matrix (top)
thus obtained, indicating any paired combination
among the 8 by 8 categories. For example, the
probability that a case will move from 4cm at
present to 5cm 30 minutes later is 21.8%. The
probability that it will move from 4 cm to 6 cm
within 30 minutes is 7.8%. This matrix was then
multiplied by an identical one in order to produce
the new transition matrix at 30 minute intervals.
For instance, the matrices obtained after multiply-
ing the initial matrix three and 14 times provides
the transition matrices, respectively 90 minutes
and 7 hours later, as shown in table I (middle and
bottom). Thus, interpolating the values of transi-
tion probability between any two consecutive
state-categories, a specially-devised graph was ob-
tained (figure 1). In this graph, the relation be-
tween a given state and a given time is quantita-
tively described as a general rule of labor progress
in the human, thereby available for predicting
individual prognosis of labor. For example, a case
who is at 4 cm cervical dilatation at present has a
95% confidence rate of reaching 5 cm and 7 cm,
at latest within 4 and 5 hours, respectively, as
shown in figure 1.
Table I. Transition matrices with 8 by 8 statestructures.









































































































































































































































Table I. Initial transition matrix (top) with 8 by 8 state-structures, where the value in each element indicates the
percent of probability from one given state in columns to another in rows as an utterance over a 30-minute period.
Numerals and "D" show the states of cervical dilatation per one cm and delivery of the baby, respectively. The
transition matrix 90-minutes later (middle) calculated by multiplying the initial matrix by itself three times. The
translation matrix 7-hour s later (bottom) calculated by multiplying the initial matrix by itself 14 times.
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4 Discussion
The labor process is a multifactorial phenomenon
including unknown factors for making an analyt-
ical interpretation. In line with this, FRIEDMAN [3]
first did successful work in terms of a partogram
which is descriptive and feasible in clinical practice
for a better comprehensive understanding of hu-
man labor progress; since, according to this
method, a sequence of cervical dilatation is only
required to be obtained on the elapsed time. Be-
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cause of an uncertain determination of the exact
time of labor onset, there still remains the problem
that neither normal nor dysfunctional courses of
labor can be quantitatively evaluated. In contrast,
HENDRICKS [4] set the starting point of observation
at the time of the patient's admission to the hos-
pital, thereby enabling us to describe the labor
quantitatively. Thereafter, many authors [2, 8, 9]
studied these partograms extensively in relation to
the underlying factors affecting the labor progress.
There is little known with respect to prediction of
labor progress [1, 5, 7]. This appears to be derived
from the fact that neither FRIEDMAN'S nor HEN-
DRICKS'S partograms can be expressed in such a
way that information on one given state is con-
nected to another. In other words, to make a
predictive assessment of labor progress, it would
be necessary to quantitatively link the state, e. g.
magnitude of cervical dilatation, from the past
through the present to the future.
For this purpose, we attempted to apply the Mar-
kov process to see if it would be useful in deter-
mining the actual labor progress. As stated by
TRACEY [10], the Markov process is based on the
transition matrix with a probability structure. This
matrix gives the probabilities by which one set of
events or states, as presented here, is followed by
another set of events. Thus, the transition matrix
is a mathematical means of summarizing the se-
quence of events and also is a means of summa-
rizing processes over time. Thus, using a transition
matrix appropriately calculated, the Markov proc-
ess comes to be a tool for predicting future states,
according to the procedures of multiplication of
the initial transition matrix by itself, to obtain
values, for example, at 90 minutes and 7 hours.
In this regard, the transition matrix obtained here
was found to be of good predictive value for the
actual course of labor, when attempting to check
new cases (data not shown). These results when
obtained under more definite conditions of ran-
dom sampling will be further extended to quan-
titatively differentiate dysfunctional labor from
the normal course of labor.
Figure 1. Prediction curves with confidence rates of 75
and 95 percents are shown at the different states of
cervical dilatation of 4, 5, 6, 7, 8, 9 and 10 cm, respec-
tively from the top to the bottom. The vertical axis
shows the magnitude of cervical dilatation (cm) and
delivery of the baby, as abbreviated in the same fashion
as in figure 1, while the horizontal axis indicates time
following a given state of cervical dilatation.
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Abstract
To quantitatively predict the progress of labor, we de-
vised a mathematical model suitable for the Markov
process. Included were 625 primiparas who went into
spontaneous labor between 37 and 41 weeks of gestation
with a cephalic presentation. When applying the Markov
process, the sequence of labor was divided into eight
categories from 4cm cervical dilatation to delivery of
the baby. Based on all data collected, a transition matrix
was calculated, using a microcomputer system, in which
the value in each element showed the percent of prob-
ability of progression in labor from one given state to
another over a 30-minute period. This matrix was found
to be available for evaluating the course of labor in
clinical practise with a good predictive value and there-
fore the Markov process could be confirmed to be ac-
tually applicable as an analytical model.
Keywords: Labor progress, Markov process, mathematical model, predictive assessment.
Zusammenfassung
Anwendung des Markov Prozesses auf die quantitative
Vorhersage des Geburtsverlaufs
Um den Geburtsverlauf vorhersagen zu können, wurde
ein mathematisches Modell auf der Basis eines Markov
Prozesses verwendet. Die Studie umfaßte 625 Spontan-
geburten aus Schädellage von Erstgebärenden zwischen
der 37. und 41. SSW. Zur Anwendung des Markov
Prozesses wurde der Geburtsverlauf in 8 Abschnitte, von
4 cm Muttermundsöffnung bis hin zur Geburt des Ba-
bys, unterteilt. Mit Hilfe eines Mikrocomputers wurde
eine Übergangsmatrix, die auf allen gesammelten Daten
basierte, berechnet, wobei der Wert in jedem Matrix-
element die prozentuale Wahrscheinlichkeit des Geburts-
fortschritts von einem gegebenen Zustand zu einem an-
deren über einen Zeitraum von 30 Minuten beinhaltete.
In der klinischen Praxis hat sich diese Matrix als geeignet
zur Abschätzung des Geburtsverlaufs mit einem guten
Vorhersagewert erwiesen und damit gleichzeitig den
Markov Prozeß als ein geeignetes analytisches Modell
bestätigt.
Schlüsselwörter: Geburtsverlauf, Markov Prozeß, mathematisches Modell, vorausschauende Einschätzung.
Resume
Une application du procede de Markov pour prevoir quan-
titativement revolution du travail
Nous avons elabore un modele mathematique adapte au
procede de Markov pour prevoir de fagon quantitative
Revolution du travail. 625 primipares arrivees en travail
spontanement entre 37 et 41 semaines avec une presen-
tation cephalique ont etc incluses. En utilisant le procede
de Markov on a divise les phases de travail en huit
categories depuis une dilatation cervicale de 4 cm jusqu'a
la naissance. A l'aide d'un Systeme microinformatique
une matrice de transition fondee sur Fensemble des don-
nees collectees, a ete calculee; dans cette matrice de
valeur de chaque element montre le pourcentage de
probabilite devolution du travail d'un etat donne a un
autre sur une periode de 30 minutes. On a trouve que
cette matrice etait utilisable pour evaluer le deroulement
du travail en pratique clinique avec une bonne valeur
predictive et de plus on a pu confirmer que le procede
de Markov est actuellement applicable en tant que mo-
dele analytique.
Mots-cles: Evolution du travail, modele mathematique, prediction, procede de Markov.
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1978 wurde in England das erste sogenannte „Retortenbaby" geboren; inzwischen
gibt es weltweit mehrere tausend Kinder, die ihr Dasein der In-vitro-Fertilisation -
der Befruchtung außerhalb der Gebärmutter in einem Reagenzglas - verdanken.
Der anfängliche Jubel über diesen Fortschritt der Medizin ist einer zunehmenden
Unsicherheit und Skepsis gewichen, die angesichts von Leihmutterschaften und der
Tiefkühlkonservierung befruchteter Eizellen verständlich ist. Fachübergreifende
Arbeitsgruppen, die sich u. a; aus Medizinern, Juristen und Theologen zusammen-
setzen, haben sich damit beschäftigt, verbindliche Rahmenrichtlinien für die In-vitro-
Fertilisation auszuarbeiten, die diese Unsicherheiten abbauen sollen.
Letzteres hat sich auch das vorliegende Buch als Ziel gesetzt: Es wendet sich vor
allem an die Kinderwunschpaare, die in der In-vitro-Fertilisation ihre letzte Chance
sehen. In ebenso sachgerechter wie allgemeinverständlicher Form werden die
Befruchtungsvorgänge in vivo - in der Natur - sowie in vitro - im Reagenzglas -
dargestellt.
Interviews mit betroffenen Paaren geben Einblicke in die psychologische Auseinan-
dersetzung mit dieser Behandlungsmethode. Die medizin-historische Einführung
zeigt die Entwicklung der Sterilitätsbehandlung. Der Abschluß des Buches gibt
einen Überblick über den gegenwärtigen Stand der medizinischen, juristischen und
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